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WHERE'S THE NEW PHYSICS
AND WHY ON EARTH
SHOULD IT BE INVV!



ATLAS Exotics Searches* - 95% CL Exclusion

NO NEW PHYSICS
ANYWHERE?

ATLAS Preliminary

Status: April 2014 J£dt=(1.0-203) 0" Vs=7,8TeV
Model {y Jets ET™ [rain) Mass limit Reference
ADD Cux + 819 - 12) Yos 47 Me ' l 437 TeV i A=l 1210 4491
ADD nonresonant {{/yy 2y 2e.p 47 L5 418 Tev n e IMZNO 1211 1150
ADD QBH - (q tep 1 - 203 n=6 1211 2000
ADD BH high N, 2p(585) - - 203 n w6, My« 1.5 TeV nonect BM 1308 4075
ADD BH bigh ¥ py zlepw >2j - 203 a6, Mp = 15 TV nonet BM | ATLAS CONF- 2014014
RSY Gux — ¢ 2ep - - 203 &My =01 ATLAS CONF 2013017
RS Gunx — ZZ — llQuilitt 2xbep 2jor- - 1.0 |G 845 GaV &/ My =01 12030718
RST Gax = WW s Wy 2ep Yes 4.7 |G 1.23TeV WMy 01 1208 2880
5 Bk RS Gyx — MM — bbb ib 195 Gux mass 500-710 Gev I AWMy =10 ATLAS CONF 2014005
Bulk RS gax — 7 ten 2102102 Yos 143 | gexmans . 0s520TeV B - 0925 ATLAS CONF-2013-052
s$Y12, ED 2ep 50 MRt AT TeV 1209 2305
UED 2y - Yes 48 | Compact scale R** 1.41 TeV ATLAS-CONF-2012072
SSM 2" 20.p - - 203 ATLAS CONF- 2013017
SSM 2" o rr 2r - - 195 ATLAS CONF-2013 004
g SSM W'« Ir Tep - Yes 203 ATLAS CONF 2014 017
EGM W' <« WZ i i'r" Joep - Yos 203 ATLAS CONF 2014015
LRSM W}, ~ b Tep 2001 Yes 143 ATLAS CONF-2013.050
Cl go99 2j 48 |IN T6TeV ge 4l 1210018
O Claolf 2ep - - 50 |N PITN o = 1211.11%0
. Cluurt 2eu(S8) 21021 Yes 143 Ki=1 ATLAS CONF-2013.05)
a EFT DS operator - 12 Yo 105 o 90% CL e vy ) « 30 GeV ATLAS- CONF-2012-347
EFT D9 oporor - 14,51} VYes 203 M 90% CL e miy ) « 200 GV 1209 4017
Scalar LO 1" gan 2e z2) 10 JLoses 660 GeV gl 1912 4820
S scar102% gon 20 22) - 10 | 685 GoV p 12023172
Scatar LQ 3" gen feplsr 101 47 Jiomess 534 GeV g=1 1300 0520
Voctorlke quatk 7T — Mt 4+ X Tep 220 24§ Yes 143 T i (T By doutiet ATLAS CONF 2013018
Voctoriko quak TT - Wh+ X  lepn 21023 Yes 143 notpn tnglet ATLAS CONF-2013060
is Vector-lke quark BB — 26+ X 2ep z2b - 143 0= (0.Y) doubiet ATLAS CONF 2013084
Voctor- ko quark BB — Wr + X 20.4(SS) 210,21 Yes 143 B in (TA) dosbiet ATLAS CONF 2013051
Excited quark @ ~+ @y 1y 1) - 203 oy v and A= e') 1308 3230
Excilod quark ¢° — g - 2| - 130 oy v and A g') ATLAS CONF-2012.148
Exoted quark b -« Wt 1x2e.p b 2jorY| Y 47 bt handed Covpien) 1201 1550
Excitod lepton * «» fy 2em\y - - 130 Aw22T¥ 13081364
LRSM Majorana v 2e.p 2| 2. o Wiy ) = 2 TeV, no mining 1200 5420
Type Il Seosan 2e.p - - 58 (V=0 055, |V, +0.063, |V, 1«0 ATLAS-CONI-2013-019
g Higos iplet H** s (¢ 20, (SS) - - a7 DY prodaction. BRA(M'* — (£)=) 1210 5070
Muiti chasged particies - - - a4 DY peodhuction. gl = 4e 1201 5272
Magnetic monopoles - - - 20 DY pecduction, igl = 180 1207 8411
raaaaal M P

10 Mass scale [TeV]



WHERE TO LOOK!
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WHERE TO LOOK!
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Beware of Physicists
at the door bringing
new physics discoveries!




WHERE TO LOOK!
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NO NEW PHYSICS AT THE
i 2 L5

ATLAS Exotics Searches* - 95% CL Exclusion

ATLAS Preliminary

dSS

Status: April 2014 -
olalus. April ; i f[dt-(1.0-203)fb' J;=7.8T°V
Model Ly Jets ET™ [Lam) Mass limit Reference
Ty v e e e L L | T v —r—
ADD Cux + 819 - 12) Yos a7 Ms 437 TeV w2 12104401
ADD non-resonant £{/yy 2y 2e.p 47 Iy 418 Tev "= IMZNO 1211 1950
ADD QBH - (q 1ep 1 - 203 n=6 1211 2000
ADD BH high N, 2p(5S) - - 203 " w6, My » 1.5 TeV nonect BM 1308 4075
ADD BH bgh Y py zlep *2) - 203 "6, My = 05 TV soneot BM | ATLAS CONF 2014018
RSY Gux — ¢ 2ep - - 203 &My =01 ATLAS CONF- 2013017
ASY Gux — ZZ — gyttt 2xdbdep 2jor- - 1.0 |G 845 GaV KMy w01 12030718
RS Gax = WW s IWly 2ep Yos 47 |G 1.23TeV WMy« 01 1208 2880
Btk RS Gyy — MM — bbb b 195 | Gux mass 500-710 Gev 1D AWy =10 ATLAS CONF-2014-005
S C a ‘ e S [ B B
Voctoriko quak TT - Wh+ X  lepn 21023) Yes 143 rotpn unglet ATLAS CONF-2013060
Vector-lke quark BB — 26+ X 2ep z2b - 143 0= (0.Y) doubiet ATLAS CONF 2013084
Voctor-lko quark BB — Wr + X 2e.4(SS) 210, 21) Yes 143 B in (TA) dostiet ATLAS CONF 2013081
Excited quark @ ~+ @y 1y 1) - 203 oy v and A= e') 1308 3230
Exciled quark @' — g - 2| - 13.0 only o and A« q’) ATLAS CONF-2012-148
Exoted quark b° -~ Wt lw2e.p b 2jor Y| Yes 47 b handed Coupen) 1201 1550
Excitod lepton * «» fy 2em\y - - 130 Aw22T¥ 13081364
LRSM Majorana v 2e.p 2) 20 o Wie) = 2 TeV, no mining 1200 5420
Type Il Seosan 2e.p - - 58 (V0 055, |V, 1«0 063, |V, i=0 ATLAS-CONI-2013-019
§ HigOs tiplet H** — (¢ 20, (SS) - - a7 DY prodaction. BRA(M'* — (£)=) 1210 5000
Multi chasged particies - - - a4 DY peodhaction gl = 4e 120 5272
Magnetc monopoles - - - 20 DY peoduction, (gl = 1g0 12078411
aaaal A N | b a2 aaal A P
Vi=7Tev 10-! 1

10 Mass scale [TeV]



LET'S MAKE SURE NOT 1O
L EAVE ANY SCALE BEHIND!




THE ONLY NEW PHYSICS WE'VE
FOUND SO FAR IS THE HIGGS

s there anything else lurking at the
(remember the CDF W) saga...)
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DATA-DRIVEN SEARCHES.

physics here, go
higher!
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Example: LHC vs HL-LHC

Direct stop searches (Altan Cakir, this wshop)
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Michelangelo Mangano @ FINAL
Next Steps in the Energy Frontier August 20 |4

atow
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[ T T L} . L] 'l- 1] L] I. J T T T I T T T I T a1 T 'I L] L] —
EJITLAS Simulation Preliminary =
- =300 fb" (<u>=60) 50 discove =
- is=14 TeV ++300 fb” (<.>=60) 95% CL exclusion =
- = 3000 b (<p>=140) 50 discove =

»+ 3000 fb™" (<p>=140) 95% CL exclusion =
= EATLAS 8 TeV (1-lepton): 95% CL obs. limit=
= . DATLAS 8 TeV (0-lepton): 95% CL obs. limit=
= combined E
: IIIIHIII'*..IJH E
- 1 L] * -
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poo b b bl

i | L L
800

Message:

1 T SR
1000 1200 1400
Myyop (GEV]

Z > e'e”
ATLAS/CMS HL docs | 300/fb | 3000/fb
95% excl (ATLAS) (6.5 TeV| 7.8TeV
50 (CMS) 5.1 TeV (6.2 TeV

e What’s been excluded at Lum will not be discovered at 10 x Lum,

unless ...

e At high mass there is ~nothing to do (eff and accept are ~ |)

e At low mass (eff, accept << I, elusive signals) one could invest in
improved detector/trigger performance, to boost useful rates and
sensitivity by factors larger than L increase




e S LOOK AT
EXAMPLE ALREADY
PROVIDED BY THE LRC!



WW CROSS SECTION

Standard Model Production Cross Section Measurements s Juy 2014
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Reference
PRD 85. 072004 (2012
PRD 85, 072004 (2012
arXiv:1406 5375 :h-’«:': p‘u:
arXiv:1406 5375 :Iz- n-0x)
arXiv:1406.7844 [hep-ex|

ATI A OAIE 201 4 00
ATLAS-CONH 0

ATLAS-CONF-2012-157
PRD 87, 112001 (2013
,-...V‘ '__.:__:"‘: .1 1 '. [v’ ; <
JHEP 01,086 (2013)
ATL-PHYS-PUB-2014-009
ATL-PHYS-PUB-2014-009
PLB 716, 142-159 (2012
ATLAS-CONF-201

EPJC 72,2173 (2012
ATLAS-CONF-2013-021

JHEP 03, 128 (2013)

ATL-PHYS-PUB-2014-009
ATLAS-CONF-2011-153
PRD 87

112003 (2013

PRD 87, 112003 (2013



BNICRE S MORE IO

Apr 2014 CMS Preliminary
CMS measurements | 7 TeV CMS measuremenlt (exp+th) ——0——
vs. NLO theory 8 TeV CMS measurement (exp+th) ——e——
YY, (NNLOth)  —— o — 1.04 £0.11+£0.09 5.0fb"
Wy — o —  1.16 £0.13+0.06 5.0fb"
Zy ——o0—+— 0.98 +0.05+0.05 5.0fb"
WW+W2Z — o — 1.05+0.20+0.03 4.9fb"
WW — o—+ 1.11+£0.11+£0.04 4.9fb"
ww — * — 1.22+0.12+0.04 3.5fb"
WZ H——o0— 117 £0.10£0.03 49fb’
Wz ——e—— 1.12+0.08 +0.05 19.6fb"
77 — I — 0.99+0.15£0.06 4.9fb"
77 —t———+— 1.00+£0.10+0.08 19.6 fb”
. . . . | . . . . | . . . .
0.5 1 1.5 2
merecemencaonz - roduction Cross Section Ratio: 6,/ o,



Events / 10GeV

Events / 20GeV
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entries / 5 GeV

data / prediction
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pretty good...
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entries /5 GeV

data / prediction
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NO EXTRA NORMALIZATION...
I - |
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COULD THERE BE NEW
FRYSICS HERES

* I'm NOT saying there is, In fact I've also worked to explain
why the SM could explain this

* | am saying that it's an iImportant test case to understand what
could be lurking!



RISV VAN T TO EXPLAIN VAV RRSRESIN
D OO CRINE S

* Need to first understand what it MEANS to measure
the WWV cross section!

Jotal e Ndata — Noke
CWWxAWWxBRX£

Cross section

(q n'+
q W~ 9 W=

% M
5 ~3%

g W

TGO vertex

_~ I O% W+

)

Count opposite sign dileptons + MET In a fiducial region
with a jet veto and a few other requirements




INGREDIENTS FOR BSM
EXPLANATION

* ATLAS and CMS both measure OS dileptons + MET with a
e =0

* Final state needs to be OS leptons+MET with nothing else
essentially

* Does NOT imply there have to be REAL W’s



EOULD [T Be AN ERS
EXPLANATION!?

TGC vertex

NO! Need to affect the bulk not
talls of distributions!



EXAMPLE SUSY TOPOLOGIES
FOR"WW '+MET



BROIN | LIKE SUSTE

e
e

"Heavy Lepton”



[] SM prediction
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x* cut in half compared to SM
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N SOLVE MOS T ALL PROBEERSS
e VWVORLD WIHTH SLEP FOINSES

np — Ge iaied o o XOXO

20—+

180

o-2, DM relic density/
BIB G

WWV cross section

160 -

5 140L

. Also has implications for
0 N 1O VWWV, signal and contro
.regions are affected different

120}

100 -

80 ;’{4 VAN . ] Y - 4 UV AN A TR PR L

(b) tan 8 = 4, u = 600 GeV




CHARGINOS FROM STRONG
PRODUCTION!?

o xtba I WH b5 v

Squeeze the b's and you Rolbiecki and Sakurai
oset WW production | 503568

v2: [ATLAS7, CMS7, CMS8]

m%? [GeV]

160 180 200 220 240 260 280 300
rrL [GeV]



MANY MORE POSSIBILITIES

BREaEay M, R T ien ([Z06HEsE)

One Light Stop Two Light Stops

W from EWino W from Stop ; W from EWino W from Stop

~ ~ ~2 A — ~

tl t1 —— tl I— éQ ——
W 31 z WXt L ¥ b % ~ 200 GeV

Z%Z% %% 2 W
Z’ Wj: Wi 61 Z) W:t
N b N
~ by N Y
X! o3 Xy vy W1 ~ 100 GeV

YOU CAN HAVE COMPLETELY



NEW PHYSICS IN SM
MEASUREMENTS

* BSM scale doesn't have to be high, it can be contaminating
your measurements

 EF T approach is pointless to describe this physics
» [heorist handing you an operator Is dangerous...

» Exotics and SUSY groups won't find this without better SM
theory and measurement!



CAN WE DISTINGUISH BSM
FROM SM? - DISCUSSICHS

» Lots of SM theory explanations have also recently come up
SREEc e der cross sections

* Jet veto resummation

* Pt resummation

* What does it all come down to!
Oinc Cveto

Suggestions, cross section as function of veto
b-jet veto, comparison across channels!!



--- Powheg Pythia8
Powheg Herwig++
aMC@NLO Herwig++

--- MGS5 Pythia6

— Resummed
Scale Variation
(RS e OS5, w20 25 30
pr(WW)[GeV]
MC + Parton Shower Corrections (%)
Powheg+ Pythia8 6.57570
Powheg-+Herwig++ 3.875%
aMCQNLO+Herwig+-+ 3-1th8
MADGRAPH LO+Pythia6 —OIE

Table 4: Percentage differences for opyq of reweighted theory predictions compared to
MCs+Parton Showers at 8 TeV.
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